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Abstract: The application of heat treatment leads to various changes in wood properties (mechanical, chemical,
physical, biological, surface, etc.). In this study, changes in shore D hardness tests following heat treatment at
200°C for 3 h were determined for wood species including ako (Antiaris toxicaria), amarillo (Centrolobium pat-
inense), angelim amargosa (Vataireopsis araroba (Aguiar) Ducke), onzabili / angongui (Antrocaryon klaineanum),
bosse (Guarea cedrata), burkea (Burkea africana), keruing (Dipterocarpus spp.), mangga (Mangifera odorata), nian-
gon (Tarrietia utilis), and rode sali (Tetragastris altissima). According to the results, variance analyses were found
to be significant. When looking at the rate of decrease obtained, it is observed that for onzabili / angongui it is
16.63%, for ako it is 8.96%, for amarillo it is 10.47%, for bosse it is 26.76%, for angelim amargosa it is 7.00%, for
burkea it is 7.1%, for mangga it is 11.33%, for keruing it is 10.03%, for niangon it is 10.53%, and for rode sali it is

13.01%. Decreases in wood species were identified after heat treatment.
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Oz: Isil islem uygulamast ile ahsap malzemenin sahip oldugu bir¢ok 6zellik (mekanik, kimyasal, fiziksel, biyolojik,
ylzey, vb.) degismektedir. Bu ¢alismada, ako (Antiaris toxicaria), amarillo (Centrolobium patinense), angelim
amargosa (Vataireopsis araroba (Aguiar) Ducke), onzabili / angongui (Antrocaryon klaineanum), bosse (Guarea
cedrata), burkea (Burkea africana), keruing (Dipterocarpus spp.), mangga (Mangifera odorata), niangon (Tarrietia
utilis) ve rode sali (Tetragastris altissima) agag tiirlerine ait odunlarin 200 °C'de 3 saat siire ile 1s1l iglem gormesin-
den sonra meydana gelen shore D testine ait degisiklikler belirlenmistir. Sonuglara gore, varyans analizleri anlaml
olarak belirlenmistir. Elde edilen bu azalma oranlarina bakildiginda; onzabili / angongui i¢in %16.63, ako i¢in
%8.96, amarillo i¢in %10.47, bosse i¢cin %26.76, angelim amargosa i¢in %7.00, burkea i¢in %7.11, mangga i¢in %n.33,
keruing i¢in %10.03, niangon i¢in %10.53 ve rode sali i¢in %13.01 olarak bulundugu goriilmektedir. Isil islem sonrasi

agag tiirlerinde azalmalar tespit edilmistir.

Anahtar Kelimeler: shore D sertlik; 1s1l islem; ahsap malzeme
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1. Introduction

Wood is an intricate substance fundamentally comprised of three biopolymers: lignin,
cellulose, and hemicellulose. In addition to these polymeric components, the wood may
contain a greater or lesser amount of extractives, which may include various organic com-
pounds such as sugars, flavonoids, tannins, terpenes, oils, or waxes [1].

Wood is a sustainable resource with a wide range of applications due to its physical,
mechanical, and anatomical properties. It finds use in diverse fields, including construction,
furniture manufacturing, pulp and paper production, and even serves as a significant source
for energy production. In comparison to materials like concrete, plastic, steel, and alumi-
num, wood boasts numerous advantages, such as its appealing aesthetics, impressive me-
chanical strength, ease of working with, and excellent thermal insulation properties. How-
ever, it's worth noting that wood also has some limitations, including its relatively lower
natural durability and susceptibility to issues like cracking and warping [2].

Wood offers a multitude of technical benefits for a diverse array of uses, thanks to its
elevated specific resistance, impressive hardness, substantial rigidity, minimal energy re-
quirements for processing, regenerative nature, and aesthetic appeal [3].

Hardness is the ability to withstand the force of a harder object trying to penetrate or
bond with it. Hardness testing is generally a straightforward, quick, and effective method,
often considered a nearly non-destructive test. Various hardness testing techniques primar-
ily vary in terms of the shape and material of the indenter, the magnitude and duration of
the applied force, and the way the force is applied (either during the entire test or after the
force is removed)[4].

Hardness is the capacity of a material to resist deformation, especially when it comes
to permanent deformation, indentation, or scratching. It's crucial to note that hardness is a
relative term and should not be confused with the wear and abrasion resistance found in
plastic materials. Various testing methods have been developed to evaluate hardness. The
Durometer hardness testing device consists of a pressure foot, an indenter, and an indicator
mechanism. The indenter is spring-loaded, with its tip protruding from a hole in the base.
The testing procedure begins by placing a sample on a firm, level surface while ensuring
that the pressure foot of the device is parallel to the sample's surface. The Durometer hard-
ness value is determined within one second of the pressure foot making solid contact with
the sample's surface [5].

The durometer scale consists of a calibrated spring that exerts a certain pressure on a
recessed foot, which can be cone- or sphere-shaped [6].

Shore hardness is a measure of the material's resistance to bonding by a 3 spring in-
denter. The higher the number, the greater the resistance [7]. The Shore durometer is pri-
marily employed for assessing the indentation hardness of materials like rubbers, thermo-
plastic elastomers, and pliable plastics, including polyolefins, fluoropolymers, and vinyl [8].

Subjecting wood to heat treatment at temperatures exceeding 150°C has an impact on
both its physical and chemical characteristics. Beyond 200°C, the alterations in wood be-
come substantial, including a decrease in dimensional changes like shrinkage and swelling,
enhanced resistance to decay, a darker coloration, loss of extractive substances, lower equi-
librium moisture content, and an improved thermal insulation capability [9]. Loss of extrac-
tives can cause both color and surface chemistry changes in wood flour. It has been reported
in the literature that between 100 and 200°C, wood releases traces of water, carbon oxides,
and organic decomposition products [12], [13].

Elevated temperatures causing the degradation of wood can result in undesirable char-
acteristics, including the development of unpleasant odors, changes in color, and a reduc-
tion in mechanical strength [10].

Thermal treatment is recognized as an efficient technique for altering wood properties.
It lowers the wood's hygroscopic nature, leading to improved dimensional stability and, de-
pending on moisture content, indirectly reinforcing mechanical characteristics. Moreover,
thermal treatment plays a vital role in preserving the shape of compressed and curved wood
products [1].

In most cases, the properties of wood are related to the chemistry of the cell wall and
change by changing the chemistry of the cell wall polymers [14]. The main disadvantage of
wood heat treatment is that most mechanical properties (mainly impact strength, hardness
and stiffness) deteriorate. On the contrary, some mechanical properties (mainly modulus
of elasticity) can be improved by heat treatment [15].
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In this study, shore D hardness values of ako, amarillo, angelim amargosa, onzabili /
angongui, bosse, burkea, keruing, mangga, niangon and rode sali wood species heat treated
at 200°C for 3 hours were investigated. These tree species are among the significant tree
types evaluated in various fields abroad. In the literature, it is observed that shore D hard-
ness values for these types of wood after heat treatment have not been conducted.

2. Experimental

In this study, wood from ako (Antiaris toxicaria), amarillo (Centrolobium patinense),
angelim amargosa (Vataireopsis araroba (Aguiar) Ducke), onzabili / angongui (Antrocaryon
klaineanum), bosse (Guarea cedrata), burkea (Burkea africana), keruing (Dipterocarpus
spp.), mangga (Mangifera odorata), niangon (Tarrietia utilis) and rode sali (Tetragastris al-
tissima) were used.

The test material was purchased from a commercial enterprise as 100 x 100 x 20 mm of
1st class quality. The test samples were carefully selected to be free of cracks, with smooth
and uninterrupted fibers, without knots or defects, and with consistent color and density.
The samples were then prepared according to TS ISO 13061-1, (2021) standard [16].

In the study, wood samples from selected foreign tree species were subjected to a heat
treatment process in a thermal treatment oven at 200°C for a duration of 3 h.

Shore D hardness values were determined by taking 10 measurements on a shore meter
with a load of 5 kg according to ASTM D 2240 (2010) [17].

Table 1. Sorre inportant information about the Share Dhardness test [18].

Indentation Depth /Test Force Indentation Geormetry / Material
0mms< h<25mm Truncated cone
ON<F< 445N Spherical damehell
R=01rmm
R=125mm

/10 npéouroverer 90
Oa % TYPED 400 §

ASTM 2240 };/
S i

/R
Agure 1. Viewd the Shore Dtester.

Means, maximum measurement values, minimum measurement values, homogeneity
groups, standard deviations, multivariate analysis of variance and percentage (%) change
rates were calculated with a statistical program.

3. Results and Discussion

Table 2 shows the results of the analysis of variance for the shore D hardness values
determined in various wood species. When the results obtained are examined, it is seen that
the wood species (A) factor, heat treatment (B) factor and the interaction (AB) value ob-
tained by the factors are determined to be significant for shore D hardness.
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Table 2 Results of variance analysis
Variance Source Sundf Squares Degrees of Freedom Mean Square FValue a<005
Wbod species (A) 17969.705 9 1996.634 560.765 0.000*
Heat treatment (B 2895.605 1 2895605 813245 0.000*
Interaction (AB 835145 9 92794 26,062 0.000*
Bror 640900 180 3561
Total 698277.000 200
Corrected tatal 2234).355 199
" Significant.

The results of the shore D hardness values and densities determined in various wood
species are presented in Table 3. Decreases in shore D hardness values were detected in
wood species after heat treatment. These decreases were 8.96% for ako, 10.47% for amarillo,
7.00% for angelim amargosa, 16.63% for onzabili, 26.76% for bosse, 7.1% for burkea, 10.03%
for keruing, 11.33% for mangga, 10.53% for niangon and 13.01% for rode sali (Table 3).

When the studies in the literature on the shore D test determined after heat treatment
are examined, it is reported that decreases were obtained [19]-[26]. The results obtained in
the study were consistent with the studies conducted in the literature.

According to explanations in the literature regarding the decline in hardness after heat
treatment, it has been expressed as follows [27]: The main reason for the loss of strength is
the breakdown of hemicellulose, which is less resistant to heat compared to cellulose and
lignin. It is a widely acknowledged fact that alterations in hemicellulose contribute signifi-
cantly to the strength properties of wood heated at elevated temperatures [28].

Table 3. Results of shore Dhardness values.
eod Type Treatment Mean :HE egs Homogenity  Coefficdient of Mrimum  Madmum Sandard
Type D ) Group Variation Deviation

Ao Nrheattreated 4690 K 714 A0 500 3%
Untiaris tavicariy Hest-treated on 8% M 405 Q0 480 258
Anrillo Nnhest-treated 7260 B 35 900 7500 255
(Qrtrolabisnpstiners Hest-treated oo L1047 D 126 G400 600 0R
Angelimamargosa Non-heat-treated 55.70 G 087 55.00 56.00 048
(idarepsis a=rite) Hest-treated sgg 0 H 299 5000 50 15
Oruzatili / Angengui Nnhest-treated 4510 " L 577 R0 80 260
(Antrocaryen Kaineanun) Heat-treated 30t N 722 %00 M0 27
Brese Nnhest-treated 7100 B 188 00 BO 1B
(Qeres cedtatd Heat-treated 500 5% J 240 ©0 B0 15
Rrkea Nnhest-treated 7590 & 158 7500 7800 120
(Brkes aficand) Hect-trested 750 v c 348 60 TN 25
Keruing Nrhetireted B oo F 22 500 600 169
(Opterocarpusspp.) Heat-treated 53.80 H 337 51.00 56.00 181
e W S8 8l oz dn oo
Nangon Nnhest-treated 6170 053 E 203 QU B0 125
(Tarrietia utily Heat-treated 520 & 380 800 5900 210
Rede sal Nrhetresed 00 oo c 23] 90 BO 164
(Tetragastris atissig) Heat-trested 6150 F 220 Q0 B0 135
"Hghest resuit, ™ Lowest result

4. Conclusions

In the study, it was observed that the results of multivariate analysis of variance were
obtained significantly with heat treatment. The shore D values of all wood species decreased
with 3 hours of heat treatment at 200 degrees. The highest rate of reduction was observed
in bosse wood, while the lowest was identified in Angelim amargosa wood. Different reduc-
tion results were obtained due to the different structures of wood materials (anatomical,
chemical, physical, etc.).
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